Objective: To examine whether the relation between lifestyle and metacarpal bone mineral density (BMD) varied with life-stages. Design: Cross-sectional study. Setting: Taking questionnaires related to lifestyle and examining metacarpal BMD by computed X-ray densitometry at a local health care center. Subjects: Out of 750 Japanese women aged 40 ± 69 y old who underwent screening for osteoporosis, we selected 535 healthy subjects without medical conditions or lifestyle factors known to affect bone metabolism. Results: A cross-sectional comparison of BMD and years since menopause (YSM) resulted in a logarithmic regression model (BMD 2.539 ± 0.1496log e YSM, r 2 0.418), indicating that a prominent reduction in metacarpal BMD appears up to 4 ± 6 y after menopause. In premenopausal women with regular menstruation, those who engaged in regular physical activity during adolescence showed signi®cantly greater BMD than those who did not. In 1 ± 5-y postmenopausal women, those with current calcium intake of more than 800 mgad, current milk intake greater than 900 mlaweek, daily consumption of milk andaor dairy products, or frequent consumption of small ®sh showed signi®cantly greater BMD. In 6 ± 15-y postmenopausal women, those who took more than 6000 or 8000 stepsaday showed signi®cantly greater BMD. Conclusions: The relation between lifestyle and BMD differed with life-stages in Japanese women. It was suggested that to perform lifestyle modi®cations for the prevention of osteoporosis, life-stages should be taken into consideration.
Introduction
Measurement of metacarpal bone mineral density (BMD) by computed X-ray densitometry (CXD) has been reported to be a fast, inexpensive and safe method with a high rate of precision, and it is widely available for monitoring BMD and fracture risk (Matsumoto et al, 1994; Ross, 1997) . This method has been widely used for screening for osteoporosis in many health care centers in Japan (Fukunaga et al, 1997) . However, the relation between BMD measured by CXD and lifestyle has not been studied in detail.
On the other hand, the relation between physical, historical, lifestyle factors and appendicular BMD has been examined using many other types of measurement methods (Elders et al, 1994; Hu et al, 1993; Kano, 1997; Nelson et al, 1991; Soroko et al, 1994; Stracke et al, 1993; Uusi-Rasi et al, 1994 . However, the results of lifestyle factors affecting BMD were not consistent among the studies. Moreover, some studies suggested the possibility of different effects of calcium intake or exercise on bone mass among different life-stages (Lewis & Modlesky, 1998; Okano et al, 1998) . However, there has been no report directly comparing the relation between lifestyle factors and BMD among different life-stages.
In middle-aged to elderly women, menopause has an enormous impact on bone metabolism. Estrogen levels drop dramatically after menopause, and BMD begins to decrease exponentially for a few years even in the metacarpal bones (Matsumoto et al, 1994; Adami et al, 1996) . This suggests that the relation between lifestyle factors and BMD would be clearly demonstrated if the relation were examined in study based on a classi®cation into premenopausal, early postmenopausal and late postmenopausal women.
In the present study, metacarpal bone mass was measured in 535 healthy Japanese women aged 40 ± 69 by CXD. The relationship between lifestyle factors and BMD was examined in four groups: premenopausal women with regular menstrual cycle (REG); premenopausal women with irregular menstruation (IRREG); women with 1 ± 5 y since menopause (YSM 1 ± 5); and women with 6 ± 15 since menopause (YSM 6 ± 15).
Methods
Seven-hundred and ®fty Japanese women 40 ± 69 y old who underwent screening tests for osteoporosis from October to December, 1994 December, ± 1997 were recruited at the health care center of a town in Aichi Prefecture, Japan. Of the 750 women, 53 subjects had a current or a past history of medical conditions known to affect BMD (including thyroid diseases, oophorectomy and gastric surgery), and eight subjects under treatment for osteoporosis were excluded based on medical histories taken at the screening. Another 109 postmenopausal subjects without reliable information on their ages at menopause were also excluded. In addition, we excluded 19 subjects who smoked more than 20 cigarettesad (Hopper & Seeman, 1994) , drank alcohol (more than 30 gad converted into the amount of alcohol), or drank more than ®ve cups of coffee a day (Harris & Dawson-Hughes, 1994) , and 26 subjects who regularly took calcium supplements andaor vitamin D. The remaining 535 healthy subjects were selected for analysis. Since these subjects were healthy Japanese women who decided on their own to get a screening for osteoporosis, they were thought to be more aware of health concerns, although it was not clear whether they were at higher risk or not.
BMD of the second metacarpal bone in a non-dominant hand was measured by CXD using BONALYZER (Teijin, Tokyo, Japan). This method used a posterior ± anterior X-ray radiograph of the hand and an aluminum step wedge (20 steps, 1 mmastep) as a standard density. BMD was expressed in steps of aluminum thickness (mmA1). The measurements were obtained by the same technician using the same equipment throughout the study. The precision error was held to less than 0.7% according to the manufacturer's standard. When a subject was measured for BMD more than twice during 1994 ± 1997, the BMD at the ®rst measurement was used for this study.
Anthropometric, medical and lifestyle factors were collected by questionnaire. Body mass index (BMI) was calculated using the formula: body weight (kg)aheight(m) 2 .
Milk consumption during adolescence was examined. The food frequency questionnaire evaluated present consumption of milk, dairy products, beans and bean products, small ®sh, meat and green vegetable by classifying into none, 1 ± 2 timesaweek, 3 ± 6 timesaweek, and daily. Current and past physical activity levels were also assessed by questionnaire including type, duration, frequency and length of participation in sports. Dietary data were obtained through two-day estimated records, which were checked and coded by well-trained registered dietitians for analysis. Calcium intake was determined utilizing the standard tables of food consumption of Japan (Science & Technology Agency of Japan). If some foods were not on the database, either the database for processed foods (Kagawa, 1995) was used, or the processor was asked to supply nutritional contents. The mean value of the two-day records was used in the present study. Daily physical activity was evaluated by a pedometer (Digiwalker, Yamasa Tokei Co Ltd, Tokyo, Japan; Bassett et al, 1996) for one week and expressed as the mean of steps walked per day.
BMD regressed on the natural logarithm of years since menopause. Comparisons of age, anthropometric characteristics and BMD among groups were performed using analyses of variance (ANOVA), and the Tukey's test was used for post-hoc testing. It is well known that size adjustments by bone area, bone width or bone size are needed for studying BMD or bone mineral content (Prentice et al, 1994) . In this study, only age correlated signi®cantly with BMD in all subjects (Table 1) . After the subjects were classi®ed into groups, age had a signi®cant correlation with BMD in the YSM (years since menopause); 1 ± 5 and YSM6 ± 15 groups. Body weight and height had signi®cant correlations with BMD in the REG group. Thus, we applied age, body height and body weight to adjust bone size using the analysis of covariance (ANCOVA), because we did not have any data on bone size. If there was a signi®cant difference among lifestyle factors, the Bonferroni test was used for post-hoc testing. The statistical product and service solution (SPSS) was used for all analyses. This study was approved by the Ethics Committee of the National Institute of Health and Nutrition (Japan). Figure 1 illustrates the cross-sectional relation of YSM to BMD in the 281 postmenopausal subjects of the present study. The mean of BMD for every year of YSM was adjusted for age, body height and body weight. A regression curve between the mean values of BMD and the natural logarithm of YSM (BMD 2.539 ± 0.1496log e YSM, r 2 0.418) revealed that a prominent reduction in BMD appears up to 4 ± 6 y after menopause followed by a gradual linear reduction.
Results
Based on the ®ndings presented in Figure 1 , the relationships between BMD of the metacarpal bone and lifestyle factors were examined in the following four groups based on menstrual condition or years since menopause: premenopausal women with regular menstrual cycle (REG); premenopausal women with irregular menstruation (IRREG); postmenopausal women whose YSM was 1 ± 5 y (YSM1 ± 5); and postmenopausal women whose YSM was 6 ± 15 y (YSM6 ± 15). Table 2 shows age, anthropometric characteristics and BMD among the groups. The two postmenopausal groups were signi®cantly older than the two premenopausal groups, and the YSM6 ± 15 group was older than the YSM1 ± 5 group. Height was signi®cantly less in the YSM6 ± 15 group than in the premenopausal groups. BMD were signi®cantly greater in the premenopausal groups than in the postmenopausal groups, and the YSM6 ± 15 group had a signi®cantly lower BMD than the YSM1 ± 5 group.
The relationships between lifestyle factors and BMD were examined after adjusting for age, body height and body weight in Tables 3 and 4 . In the REG group, subjects who frequently ate small ®sh showed a greater BMD, but it was not signi®cant. Subjects engaging in regular physical activity during adolescence showed signi®cantly greater BMD than those who did not. The major physical activities in which they participated were tennis, volleyball, table tennis and softball. There were no signi®cant differences in BMD among the types of physical activity. In the IRREG group, greater BMD was observed in subjects who drank milk during adolescence, but it was not signi®cant.
In the YSM1 ± 5 group, several lifestyle factors indicating calcium intake were related to BMD: those whose current calcium intake was more than 800 mgad, whose current milk intake was greater than 900 mlaweek, who took milk andaor dairy products daily, or frequently consumed small ®sh, showed signi®cantly greater BMD. In the YSM6 ± 15 group, those who took more than 6000 or 8000 stepsad also showed signi®cantly greater BMD. Greater BMD was observed in the subjects who drank milk during adolescence, but it was not signi®cant.
Discussion
Radiographic absorptiometry including CXD was reported to be fast, inexpensive, low in radiation, low in precision error, and equivalent to other methods of BMD measurement for predicting fracture risk (Ross, 1997) . However, there have been few reports examining the relationship between lifestyle factors and BMD using this method. To our knowledge, the present study is the ®rst one in which lifestyle factors were examined by questionnaires together with estimating dietary intake and walking rates in a large number of subjects using the metacarpal method. Moreover, because bone metabolism has been reported to differ according to menstrual condition or YSM (Nordin et al, 1981; Nordin & Polly, 1987) it seems reasonable to speculate that the relation between BMD and lifestyle would differ among the different life-stages. In support of that concept, the present study clearly indicated that this varied among the four groups with differing menstrual conditions or YSM.
The cross sectional relation of YSM to BMD revealed a prominent reduction in BMD within 4 ± 6 y after menopause followed by a gradual linear reduction. This ®nding was in agreement with previous reports using metacarpal methods (Matsumoto et al, 1994) . A study on the rate of Figure 1 The relationship of years since menopause to metacarpal bone mineral density. Bone mineral density was adjusted for age, body height and body weight by analysis of covariance. Bone mineral density 2.539 7 0.1496log e years since menopause, r 2 0.418.
Lifestyle and metacarpal bone mineral density K Ishikawa et al lumbar spine BMD loss also reported that the loss commenced during irregular menstruation and was attenuated within 6 y of menopause (Okano et al, 1998) . Therefore, it was suggested that early postmenopause corresponds to 4 ± 6 y after menopause. In the REG group, subjects engaging in regular exercise during adolescence showed signi®cantly greater BMD, but current physical or daily activity did not relate signi®cantly to BMD. These results were in accordance with previous reports measuring BMD in the forearm (Stracke et al, 1993; Kano, 1997; Uusi-Rasi et al, 1994) .
The reason why a signi®cant difference between lifestyle factors and BMD did not appear in the IRREG group was unclear. We speculate that the degree of irregular menstruation differs in each subject, and that the degree of irregularity might be a major factor relating to BMD in this group. The YSM1 ± 5 group showed characteristic relations between lifestyle factors and BMD. A signi®cant difference in BMD was observed with respect to current lifestyle in terms of greater calcium intake. Lewis and Modlesky (1998) suggested that the effects of calcium supplementation during early postmenopause are modest, because osteoclast activity increases, and calcium release from the skeleton is accelerated during this period. However, a signi®cant and consistent lifestyle relation between greater calcium intake and greater BMD shows that suf®cient calcium intake is possibly the primary factor in preventing rapid reduction of BMD during early postmenopause (Elders et al, 1994) .
In the YSM6 ± 15 group, walking that involved over 6000 or 8000 stepsad was signi®cantly correlated with greater BMD. This result suggests that current daily activity may contribute to maintaining BMD even in the late Lifestyle and metacarpal bone mineral density K Ishikawa et al postmenopausal period (Nelson et al, 1991; Uusi-Rasi et al, 1998) . In addition, those drinking milk during adolescence showed relatively greater BMD. That result was in accordance with the previous studies (Soroko et al, 1994; Stracke et al, 1993) . On the other hand, no signi®cant relation of current calcium intake was observed in this group. It is unclear why the relations of current calcium intake were not signi®cant in the group furthest from menopause. Although previous studies indicated that calcium supplementation decreased bone loss in late postmenopause, these studies used high levels of calcium supplementation (more than 1000 mgad; Elders et al, 1994; Lewis & Modlesky, 1998) . Intestinal calcium absorption is known to be reduced in elderly women (NIH Consensus Development Panel on Optimal Calcium Intake, 1994). Therefore, a possible cause is that the cut-off value of 600 or 800 mg of calcium intake might be too low to detect any signi®cant effect of calcium intake. In addition, there was no association between calcium intake and other lifestyle factors in this group. The present study showed that the relation between lifestyle factors and BMD differed by menstrual condition or years since menopause in Japanese women. This result suggested that lifestyle modi®cations for the prevention of osteoporosis should be performed taking account of lifestages as well as of previous lifestyles.
